In the measurements of cosmic microwave background polarizations, three frequency channels are necessary for discriminating the primordial B-modes from the polarized dust and the synchrotron emission. We carry out an optimistic estimate on the sensitivity to the detection of primordial gravitational waves using the cosmic microwave background B-modes only, and explore how to reach the thresholds for the tensor-toscalar ratio r in the theoretically well-motivated inflation models. For example, Lyth bound implies r 2 × 10 −3 , a corrected Lyth bound shows r 7 × 10 −4 , and some typical inflation models gives r 4 × 10 −5 . Taking into account the up-to-date constraints on r, i.e. r 0.05 < 0.07 at 95% confidence, we find that the consistency relation n t = −r/8 in the canonical single-field slow-roll inflation cannot be distinguished from the scale invariance, due to the cosmic variance in the power spectrum of cosmic microwave background B-modes. The cosmic variance places an inevitable limit on the measurements of the tensor spectral index, i.e. σ n t 0.01 for 2 max = 300.
INTRODUCTION
The inflation model (Starobinsky 1979 (Starobinsky , 1980 Guth 1981; Linde 1982; Albrecht & Steinhardt 1982; Sato 1981) has been the leading paradigm of the very early Universe in past three decades. Not only does it resolve the flatness, horizon and monopole problems in the hot big-bang theory, but also seeds primordial cosmological perturbations which evolved into the large-scale structures in the Universe (Mukhanov et al. 1992) . The primordial tensor perturbations predicted by the inflation are called as the primordial gravitational waves. In general, the power spectrum of primordial gravitational waves is parameterized as a power-law form, namely,
where r is called the tensor-to-scalar ratio at the pivot scale k p , n t denotes the tensor spectral index or the tensor tilt, A s is the amplitude of power spectrum of primordial scalar perturbations. This is a dimensionless power spectrum, which e-mail: huangqg@itp.ac.cn † e-mail: wangsai@itp.ac.cn.
is also denoted by ∆ 2 t in the literature. The tensor tilt characterizes the scale dependence of the tensor power spectrum. In the simplest class of inflation, i.e. the canonical single-field slow-roll models, there is a consistency relation between r and n t , i.e. n t = −r/8 (Liddle & Lyth 1992 ). Therefore, the tensor power spectrum is red-tilted. A more generic formula in the single-field inflation can be found in Reference (Kobayashi et al. 2011 ). In the effective field theory of single-field inflation, at leading order in derivatives, the tensor power spectrum is fixed by the Hubble rate during inflation (Creminelli et al. 2014) . Therefore, detecting a positive tilt would implyḢ > 0 and a violation of the null energy condition, which is difficult to realize without incurring in instabilities. However, a positive tensor tilt would be allowed if some higher-derivative operators are included (Baumann et al. 2016 ).
Primordial gravitational waves leave several characteristic fingerprints on the CMB, including the temperature anisotropies and the E/B-mode polarizations (Grishchuk 1975; Starobinsky 1979; Rubakov et al. 1982; Crittenden et al. 1993; Kamionkowski et al. 1997a,b; Zaldarriaga & Seljak 1997; Hu et al. 1998) . Using the CMB temperature anisotropies only, Planck 2015 results (P15) (Ade et al. 2016c) showed an indirect upper limit on the tensor-to-scalar ratio, namely, r 0.05 < 0.12 at 95% confidence level (CL). Using the B-mode data, BICEP2 & Keck Array (BK14) (Ade et al. 2016a ) gave the latest direct upper bound r 0.05 < 0.09 at 95% CL. Combining the above two datasets with other low-redshift datasets, the upper bound becomes tighter, i.e., r 0.05 < 0.07 at 95% CL (Ade et al. 2016a; Huang et al. 2016) 1 . Using the gravitational-wave observations only, a recent constraint on the tensor tilt was found to be n t = −0.76 +1.37 −0.52 at 68% CL . Further combining with the indirect observations of gravitational waves, this constraint becomes n t = −0.05 +0.58 −0.87 at 95% CL (Cabass et al. 2016) . Both constraints on the tensor tilt are consistent with the scale-invariant spectrum. Reference (Meerburg et al. 2015) obtained similar results.
Since the primordial gravitational waves have not been detected, it is worthy to explore some well-motivated thresholds for the tensor-to-scalar ratio r. In Reference (Lyth 1997) , Lyth found that the tensor-to-scalar ratio is related to the excursion distance of inflaton during the inflationary era through
where M p = 1/ √ 8πG is the reduced Planck scale and N is the e-folding number before the end of inflation. If r is a constant, the threshold |∆φ |/M p = 1 implies r = 8/N 2 * 2 × 10 −3 . However, the current constraint on n s from P15 (Ade et al. 2016c) showed n s = 0.9645 ± 0.0049 at 68% CL, and the tensor-to-scalar ratio r evolves with the expansion of the Universe during the inflationary era, namely −d ln r/dN = n t − (n s − 1) by definition. For n s = 1, the threshold for r is modified to be r * 2(1 − n s ) 2 /[exp((1 − n s )N * /2) − 1] 2 (Huang 2015) , i.e. the red solid curve in Fig. 1 , and then r * 7 × 10 −4 for n s = 0.9645. Furthermore, the tensor-to-scalar ratio takes the form of r(N) = 16α/(N + α 1/p ) p in some typical inflation models (Huang et al. 2016; Huang 2007; GarciaBellido et al. 2014) , and the threshold for r in this case is the blue dashed curve in Fig. 1 . For n s = 0.9645, we have r * 4 × 10 −5 . In addition, from Fig. 1 , the thresholds for r in both cases approach to 2 × 10 −3 when n s → 1.
Two questions we are facing are how to reach these wellmotivated theoretical thresholds for the tensor-to-scalar ratio and how we can test the consistency relation n t = −r/8 for the simplest class of inflation model. Future improvements to the sensitivity on the primordial gravitational waves should mainly come from the CMB polarization experiments. In the realistic observations, however, the foreground radiations significantly contaminate the primordial B-mode polarizations (Adam et al. 2016a; Mortonson & Seljak 2014; Flauger et al. 2014; Cheng et al. 2014; Ade et al. 2015; Aghanim et al. 2017) . They should be taken into consideration seriously. A recent study (Creminelli et al. 2015) showed that the theoretically motivated r ∼ 2 × 10 −3 can be achieved by some future experiments if the instrumental white noise is reduced The threshold for the tensor-to-scalar ratio corresponding to |∆φ |/M p = 1. The red solid curve and blue dashed curve, respectively, correspond to the general single-field slowroll inflation model and some typical inflation model in which r(N) = 16α/(N + α 1/p ) p . The gray and light gray bands, respectively, correspond to the 68% and 95% limits on n s from Planck data released in 2015 (Ade et al. 2016c) .
to ∼ 1µK-arcmin and the lensing B-modes reduced to 10%. Their forecasts are not changed significantly with respect to the previous estimates (Lee et al. 2015) . However, Reference shows that these experiments are not sensitive enough to discriminate the consistency relation in the canonical single-field slow-roll inflation models from the scale-invariant spectrum. Other related studies can be found, for example, in References (Cabass et al. 2016; Escudero et al. 2016; Errard et al. 2016; Kamionkowski & Kovetz 2016; Santos et al. 2016; Guzzetti et al. 2016; Lasky et al. 2016; Wang et al. 2017 ) and references therein.
In this paper, we will explore several potential setups for the CMB polarization experiments, for which we generally consider the contamination including foreground emissions, white noise, and CMB lensing, regardless of the specific methods to reduce them. We will take these contamination into consideration to estimate the projected sensitivity of these experiments to the detection of the primordial gravitational waves. In particular, we will explore how to reach the theoretically motivated thresholds for the tensorto-scalar ratio, and check the possibility to test the consistency relation in the simplest class of inflation.
The rest of the paper is arranged as follows. In section 2, we describe what is the methodology to deal with primordial B-modes, foregrounds, instrumental noise and CMB lensing. The Fisher information matrix is also briefly introduced. In section 3, we show the results of our analysis. The conclusion and discussion are listed in section 4.
METHODOLOGY
In this paper, we only focus on the CMB B-mode polarization, regardless of the temperature anisotropies and the Emode polarization. In this section, we demonstrate what are the methods to deal with various components of the CMB B-modes and the technique of Fisher information matrix.
Primordial B-modes
Using the publicly available CAMB program package (Lewis et al. 2000; Howlett et al. 2012) , we can numerically calculate the angular power spectrum of the primordial B-modes in the linear perturbation theory, given a spectrum of primordial gravitational waves. The result is
where ∆ B is the transfer function and P t (k) denotes the power spectrum of primordial gravitational waves. The formula of P t (k) is given by Eq. (1). In the following, we usẽ
Based on the Planck 2015 results (Adam et al. 2016b; Ade et al. 2016b) , the six independent cosmological parameters in the base ΛCDM fiducial model are fixed to their best-fit values at the scalar pivot scale 0.02225, 0.1198, 1.04077, 0.058, 3.094, 0.9645] . They include the baryon density today (Ω b h 2 ), the cold dark matter density today (Ω c h 2 ), the angular scale of the sound horizon at last-scattering (θ MC ), the Thomson scattering optical depth due to the reionization (τ), the amplitude of scalar power spectrum (A s ), and the spectral index of scalar power spectrum (n s ). For the canonical single-field slow-roll inflation, the consistency relation is n t = −r/8 (Liddle & Lyth 1992 ). Considering the current upper bounds on r, the absolute value of the tensor tilt is expected to be less than O(10 −2 ). For simplicity, we can thus set a vanishing fiducial value to n t . For consistency, however, we still fix the tensor tilt to the consistency relation in this work.
Foregrounds
For the foregrounds, we consider the synchrotron (S) and the Galactic polarized dust (D). One can separate them from each other in the power spectrum of CMB B-mode polarization, since they occupy totally different frequency dependence. At a given frequency ν, the power spectra of them are usually given by
where the frequency dependence are denoted by W S ν and W D ν , respectively. One has the following formulae, namely,
where the foregrounds have been normalized by the CMB blackbody, i. listed in Tab. 1. Here A f sky denotes the cleanest effective area, which occupies a fraction ( f sky ) of the sky, and its unit is
The synchrotron foreground was measured by WMAP satellite (Page et al. 2007) , and the Galactic polarized dust was measured by Planck satellite (Adam et al. 2016a ). The synchrotron dominates below 90 GHz, while the Galactic polarized dust becomes dominant above this frequency. The foregrounds could also be cross-correlated with each other (Flauger et al. 2014 ). To achieve a rough estimation, we assume a correlation taking the form g S ν i D ν j , where g denotes a correlation coefficient. In our fiducial model, we set g = 0.5 which is independent of f sky , and ν. More detailed analysis is beyond the scope of this paper.
White noise
We consider the white noise which stems from the Fourier transformation of a Gaussian beam from the real space to the harmonic space. We do not consider the systematics depending strongly on specific experimental setups. The power spectrum of white noise is defined as (Knox 1995 )
where δ P denotes the instrumental sensitivity to the CMB polarizations, and σ b = θ FW HM / √ 8 ln 2 denotes the beam-size variance. In this study, we consider several experimental settings, regardless of how to specifically implement them. The sensitivity δ P is assumed to take the same magnitude for all frequency bands, and freely vary in the range [10 −2 , 10 2 ]µK-arcmin. We leave this parameter to be free since we expect to study its effect on the detection of primordial B-modes and how to improve it. In addition, the experimental resolution θ FW HM is fixed to be 5 arcmin here.
To get a rough sense to our setup, we note the following experimental specifications. LiteBIRD 2 will have a beam of ∼ 30 arcmin, COrE-M5 3 will have ∼ 3.7 arcmin, and CMB-S4 4 will have ∼ 3 arcmin. LiteBIRD will reach a sensitivity of ∼ 3.2µK-arcmin, COrE-M5 will reach ∼ 2µK-arcmin, and CMB-S4 is expected to reach ∼ 1µK-arcmin. Therefore, our lower value for the power noise seems very futuristic, while the upper bound seems very pessimistic.
Lensing residual
The gravitational weak lensing of the CMB provides an another source of contamination to the detection of primordial B-modes (Lewis & Challinor 2006) . One cannot deal with the lensing B-modes in the similar way as the foregrounds, since the lensing B-modes have the same frequency dependence as the primordial B-modes. However, one can reconstruct the lensing potential with the CMB temperature or E-modes at small angular scales, and then subtract the lensing effects from the CMB B-modes at larger angular scales (Knox & Song 2002; Kesden et al. 2002; Seljak & Hirata 2004; Smith et al. 2012; Ade et al. 2016d ). This process is called delensing. One can define a parameter to describe the residual of lensing B-modes after delensing, i.e. α L , which is also independent of f sky , and ν. In other words, 1 − α L denotes the delensing efficiency. There is not any physical limit on the delensing efficiency in principle.
In this study, we set α L ∈ [10 −2 , 1] without considering how to specifically implement the delensing. Note that the lower bound for α L seems very optimistic, while the upper bound seems very pessimistic. Using the procedure described in Reference (Errard et al. 2016) , it is possible to show that future experiments will achieve at most α L = O(10 −1 ) (Renzi et al. 2018) . For example, LiteBIRD is expected to reach α L 0.94, COrE-M5 will reach α L 0.37, and CMB-S4 will reach α L 0.25.
The lensing B-mode power can be numerically calculated using the CAMB. Delensing starts to become important when the tensor-to-scalar ratio is smaller than O(10 −2 ) if we mainly concentrate on the recombination peak of B-mode power spectra, see Fig. 2 . The residual power δC lensing ≡ α L C lensing of the lensing B-modes could be incorporated into the power spectrum of the so-called effective noise, i.e., N −→ N + δC lensing (Lee et al. 2015) . In fact, the power spectrum of lensing B-modes ( < 150) is similar to that of the white noise with an amplitude of 4.5µK-arcmin.
Fisher information matrix
In general, one can use the "component separation" (CS) method to analyze the CMB B-mode polarization data. The average log-likelihood is given by (Creminelli et al. 2015) ln
where the bar denotes the parameters fixed to their "true" values. Here a constant term has been discarded. W describes the frequency dependence of each component of CMB Bmodes. It is a N × 3 matrix with a row (1,W D ν i ,W S ν i ). We use N to denote the number of frequency bands. As a 3 × 3 matrix, C denotes the covariance matrix among three B-mode components. The Fisher matrix is defined as
wherep denote the "true" values for a set of parameters p. The 1σ error on a parameter p i is given by the Cramer-Rao bound, namely, σ p i F −1 ii . Taking into account the foregrounds, one of the aims of this paper is to explore how to reach the theory-motivated thresholds for the tensor-to-scalar ratio. Given (δ P, α L ), we consider the likelihood as a function of six parameters (r, A D , A S , β D , β S , g). We set a fiducial valuer = 0. In this case the cosmic variance approximates zero, and the uncertainty on r only depends on foregrounds, noise and lensing. Thus our estimation can be viewed as an optimistic one. Considering the uncertainties, we assume the Gaussian priors for A D , A S , and β S with the variance 50%, 50%, and 10%, respectively. We assume a Gaussian prior for β D with the variance 10% for f sky = 72% while 50% for f sky = 1%. For other parameters, we do not assume priors any more. When forecasting r, we set the tensor pivot scale to be k p = 0.01Mpc −1 which is roughly corresponded to 100 in the CMB Bmode power spectrum. The 1σ uncertainty on r is obtained by marginalizing over all other parameters.
The parameter n t will be added when one studies the consistency relation or equivalently the scale dependence of the tensor spectrum. In this case, the fiducial value of r can not be vanishing any more. One should set a non-zero fiducial value for r. Otherwise, both n t and its 1σ uncertainty can take any real value. To be consistent with current observational limits on r, i.e. r 0.05 < 0.07 at 95% CL, we setr = 0.05 andn t = −r/8 as the fiducial value. We also study the fiducial model withn t = 0, and the results are not changed significantly. The 1σ uncertainties on r and n t are obtained by marginalizing over all other parameters. In addition, there could be some degeneracy between r and n t in the (r, n t ) confidence ellipse. One should choose a suitable pivot scale k p to eliminate this degeneracy (Zhao & Baskaran 2009; Zhao & Huang 2011; . Or equivalently, one should find a suitable pivot scale such that (F −1 ) rn t 0. In this way, the 1σ uncertainty on r will be minimal.
ANALYSIS AND RESULTS
In this section, we show our results about potential uncertainties on the tensor-to-scalar ratio r and the tensor tilt n t due to foregrounds, white noise and delensing residual. In particular, we predict an inevitable uncertainty on n t due to the cosmic variance of the power spectrum of CMB B-mode polarization.
We explore the CMB B-mode observations with three different frequency bands. We consider the following three combinations of frequency bands. The first case is given by the frequency bands (35, 90, 350) GHz, the second one (90, 220, 350) GHz and the third one (35, 45, 90) GHz. The frequency 90 GHz is the CMB band, 35 GHz and 45 GHz the synchrotron bands, and 220 GHz and 350 GHz the polarized dust bands. The 350 GHz band cannot be implemented on the ground, while it can be implemented in the satellite or on a balloon. Two dust/synchrotron bands can constrain the amplitude and spectral index of the dust/synchrotron power spectrum simultaneously. In addition, we consider two different sky coverage f sky when we estimate the uncertainty on r. One is 72%, and the other one is 1%. We consider the CMB B-mode power spectrum with 2 300 for the former, while 30 300 for the latter. When we estimate the uncertainties on r and n t simultaneously, we only consider the sky coverage f sky = 72%.
Uncertainty on r
The polarized dust foreground has crucial influence on the r constraints (Creminelli et al. 2015) . Taking the polarized dust into account, we wonder whether an improvement of δ P and α L can have potential impacts on constraining r. We denote the 1σ uncertainty on r with σ r . Fig. 3 shows the variation of σ r as the noise and delensing parameters are varied. The left subfigures are referred to f sky = 1%, while the right ones f sky = 72%. The top subfigures are showed for the frequency bands (35, 90, 350) GHz, the middle ones for (90, 220, 350) GHz, and the bottom ones for (35, 45, 90) GHz. In each subfigure, we depict four typical contours of σ r , namely, the red curve curve for σ r = 4 × 10 −5 (no display for f sky = 1%), the green one for σ r = 7 × 10 −4 , the blue one for σ r = 2 × 10 −3 , and the black one for σ r = 10 −2 .
From Fig. 3 , we find that δ P and α L can significantly impact the uncertainty on r for a vanishing fiducial r. Decreasing the instrumental noise always leads to better constraints on r. For f sky = 72%, the low-multipoles of the CMB B-modes are considered, which covers the reionization peak. Thus the delensing becomes essential when r is lower than the order of 10 −3 . By contrast, the low-multipoles of the CMB B-modes are not taken into account for f sky = 1%. Thus the delensing becomes important only when r is lower than the order 10 −2 . In fact, it is marginally important to take delensing when r few × 10 −2 .
For f sky = 72%, all three experimental setups can reach the sensitivity σ r = 4 × 10 −5 . In particular, the frequency combination (35, 90, 350) GHz can even reach σ r ∼ O(10 −6 ). This setup covers the synchrotron band, the CMB band and the polarized dust band simultaneously. If the synchrotron band is discarded, the sensitivity becomes lower by around two times. If the polarized dust band is discarded, the sensitivity becomes lower by about one order. Our results reveal that the polarized dust foreground has more significant impact on a probe of the primordial B-modes than the synchrotron foreground does. For f sky = 1%, by contrast, the sensitivity on probing r becomes much lower for all three experimental setups, due to the large uncertainty on the index β D of the polarized dust foreground and the absence of the low-multipoles of the CMB B-modes. However, the sensitivity σ r = 7 × 10 −4 may be reachable. In this case, the most sensitive setup is still given by (35, 90, 350) GHz.
Uncertainty on n t
The polarized dust radiations have significant impacts on the n t constraints . For the optimistic consideration, we wonder how precisely one can measure the power spectrum of primordial B-modes and if one can distinguish it from the exactly scale-invariant spectrum. In the (α L , δ P) plane, the two-dimensional contours for the 1σ uncertainty on n t are depicted in Fig. 4 . The top subfigure is showed for (35, 90, 350) GHz, the middle one for (90, 220, 350) GHz, and the bottom one for (35, 45, 90) GHz. As mentioned in Subsec. 2.5, we have fixedr = 0.05 here. In each subfigure, we depict four typical contours of σ n t , namely, the red curve for σ n t =r/8, the green one for σ n t =r/4, the blue one for σ n t = 3r/8, and the black one for σ n t =r/2. However, the red and green curves do not be displayed here (in the lower left corner of panels) since the required sensitivities have not been reached. In the lower panel, all the curves are outside of the plot (in the lower left corner).
To be optimistic, we reach the best sensitivity σ n t 0.015. This is still larger than the cosmic-variance limit showed in the next subsection. Given the current constraint r < 0.07 at 95% CL (Ade et al. 2016a; Huang et al. 2016) , therefore, one can not discriminate the consistency relation n t = −r/8 from the scale-invariant spectrum, even for the most optimistic scenario in this paper. However, the observations of CMB B-mode polarization can still place stringent constraints on n t . Similar to r in Fig. 3 , the sensitivity to n t can be impacted significantly by both δ P and α L according to Fig. 4 . The setup (35, 90, 350) GHz and (90, 220, 350) GHz provide the best sensitivity to n t . The reason is that these setup can determine the parameters A D and β D of the polarized dust foreground with higher precision. Therefore, a multi-band observation of the CMB B-mode polarization, determining the polarized dust emission better, may be helpful to learn more about n t .
Cosmic-Variance Limit on n t
The cosmic variance (CV), i.e. ∆C /C = 2/[(2 + 1) f sky ] for the -th multipole, is inevitable in the CMB power spectra. It limits the precision in determining cosmological parameters. Due to the CV limit, for example, one cannot constrain r better than 0.05 with the CMB temperature anisotropies only (this amplitude will be improved by four times with the E-mode polarization only) 5 . Given the present stringent constraints on r, future improvements will mainly come from the non-CV-limited B-mode polarization of the CMB. However, the CV of the B-mode power spectrum still limits the precision in measuring r with the CMB B-mode polarization only. It can thus give rise to the CV limit on the determination of n t . We will study this CV limit on n t in the following.
To find the CV limit on n t , we consider only the primordial B-mode polarization of the CMB, regardless of the contamination from foregrounds, noise and lensing. Therefore, the average log-likelihood in Eq. (9) becomes
where only one frequency band is considered. Calculating the Fisher information matrix, we show the CV limit on n t as a function of the maximal multipole max in Fig. 5 . For each given value of max , we compute the 1σ uncertainty σ n t using the CMB multipoles of B-mode polarization from 2 to max . We choose 29 max 300 in this study. In principle, the CV limits for higher max can be obtained in the same way. Obviously, an extension to higher max can improve the CV limit on n t . However, this is not necessary in the near future, since the contamination from the residual power of the lensing B-mode polarization is more dominant for higher multipoles (please refer to Fig. 2) .
The CV limit on n t only depends on the CV of the CMB B-mode power spectrum, i.e., ∆C BB /C BB = 2/[(2 + 1) f sky ]. The B-mode power thus preserves a smaller uncertainty for a higher . Therefore, σ n t decreases monotonically with max in Fig. 5 . For example, in the case of full sky, our results show σ n t 0.09 for 2 29 (low-multipoles) while σ n t 0.01 for 2 300. In addition, σ n t becomes smaller for a larger sky coverage which covers many more multipoles of the CMB B-mode polarization. According to Fig. 5 , for example, σ n t for the full sky is smaller by around three times than that for the 10% sky. In addition, we study the fiducial model withn t = 0, for which the CV limit on n t does not depend on the fiducial value of r. We find the same CV-limit on n t .
Given the current constraint r < 0.07 at 95% CL (Ade et al. 2016a; Huang et al. 2016) , it is unlikely to distinguish the consistency relation n t = −r/8 from the scale invariance, i.e. n t = 0, by using the CMB B-mode only. The full-sky CV limit on n t , denoted by the red curve in Fig. 5 , cannot be crossed over with the CMB B-mode observations only. Therefore, n t = −r/8 would be probably consistent with the scale invariance within 1σ CL. To further reduce the uncertainty on n t , one needs to supplement the CMB data with other external datasets 6 . For example, one may test the consistency relation at 2σ CL using the 21cm line (Masui & Pen 2010) . However, future observations on the CMB polarizations can still make relatively stringent constraints on n t , and have potentials to rule out some models of the very early Universe, for example, the ekpyrotic universe model which predicts n t = 2 (Khoury et al. 2001 ).
CONCLUSION AND DISCUSSION
In this paper, we provided optimistic estimations on the sensitivity to the detection of the primordial gravitational waves using the CMB B-mode polarization only. In the measurements of r with three frequency bands, we found the optimistic setup to be (35, 90, 350) GHz, which covers the synchrotron, CMB, and polarized dust bands simultaneously. In the most optimistic scenario, the sensitivity σ r 4 × 10 −5 may be reachable for the 72% sky coverage. This sensitivity is decreased by about one order for the 1% sky coverage. In the measurements of n t , we found that the best sensitivity is σ n t 0.015 for the same optimistic setup. Our results confirm the significant impact of the polarized dust on the observations of the primordial B-modes. The conclusions in this work are consistent with our previous estimation in Reference .
The sensitivity to n t is inevitably limited by the cosmic variance of the power spectrum of CMB B-mode polarization. In this paper, we have estimated this CV limit on the measurements of n t . Given the fiducial modelr = 0.05 and n t = −r/8, the CV limit on n t is σ n t 0.01 for 2 300. This is expected to be improved by including higher-order multipoles (i.e. > 300) of the CMB B-mode polarization. If we use the fiducial model withn t = 0, the CV limit on n t is independent ofr. We found that it is σ n t 0.01 for 2 300. Given the up-to-date constraint r 0.05 < 0.07 at 95% CL, the consistency relation n t = −r/8 cannot be distinguished from the scale-invariant spectrum using the CMB B-mode polarization only. Even though challenging, however, it is still possible to discriminate some models of the very early Universe, e.g. the ekpyrotic universe model, by only observing the CMB B-mode polarization in the future.
